Genome sequence of the moderately thermophilic sulfurreducing bacterium Thermanaerovibrio velox type strain (Z-9701 T ) and emended description of the genus Thermanaerovibrio
Introduction
Strain Z-9701 T (= DSM 12556) is the type strain of the species Thermanaerovibrio velox [1] in the bispecific genus Thermanaerovibrio [2] . The strain was isolated in 1997 from a sample of a cyanobacterial mat from the Uzon caldera in Kamchatka (Russia) [1] . The genus name is derived from the Greek words "thermos", hot, "an", not, and "aeros", air, and the Neo-Latin "vibrio", that vibrates, meaning a thermophilic vibrating anaerobe [2] . The species epithet is derived from the Latin adjective "velox", quick, rapid [1] . In addition to the type species, Thermanaerovibrio acidaminovorans [2] , T. velox is the only other member of the genus Thermanaerovibrio [3] . In the decade following the isolation of strain Z-9701 T and description of the species T. velox, the name was never mentioned in any abstract appearing in PubMed. Here we present a summary classification and a set of features for T. velox Z-9701 T , together with the description of the genomic sequencing and annotation.
Classification and features
A representative genomic 16S rRNA gene sequence of strain Z-9701 T was compared using NCBI BLAST [4, 5] under default settings (e.g., considering only the high-scoring segment pairs (HSPs) from the best 250 hits) with the most recent release of the Greengenes database [6] and the relative frequencies of taxa and keywords (reduced to their stem [7] ) were determined, weighted by BLAST scores. The most frequently occurring genera were Thermanaerovibrio (83.8%), Aminomonas (8.5%) and Thermovirga (7.7%) (9 hits in total). Regarding the two hits to sequences from members of the species, the average identity within HSPs was 96.7%, whereas the average coverage by HSPs was 100.5%. Regarding the four hits to sequences from other members of the genus, the average identity within HSPs was 94.9%, whereas the average coverage by HSPs was 96.4%. Among all other species, the one yielding the highest score was T. acidaminovorans (CP001818), which corresponded to an identity of 95.3% and an HSP coverage of 99.7%. (Note that the Greengenes database uses the INSDC (= EMBL/NCBI/DDBJ) annotation, which is not an authoritative source for nomenclature or classification.) The highestscoring environmental sequence was AF280820 ('bioreactor clone tbr1-2'), which showed an identity of 94.7% and an HSP coverage of 99.7%. The most frequently occurring keywords within the labels of all environmental samples which yielded hits were 'digest' (12.2%), 'anaerob' (7.2%), 'wastewat' (6.6%), 'mesophil' (6.5%) and 'treat' (6.4%) (241 hits in total), indicating that close relatives of T. velox could also thrive at lower temperatures in anaerobic aqueous environments. Environmental samples which yielded hits of a higher score than the highest scoring species were not found. Figure 1 shows the phylogenetic neighborhood of T. velox in a 16S rRNA based tree. The sequences of the three 16S rRNA gene copies in the genome differ from each other by up to one nucleotide, and differ by up to 45 nucleotides from the previously published 16S rRNA gene sequence (AF161069), which contains 38 ambiguous base calls. This sequence was recently updated by (FR733707) of the SOS initiative [26] , which perfectly matches the 16S rRNA gene copies in the genome.
Cells of strain Z-9701 T are curved rods, 0.5-0.7 × 2.5-5.0 µm in size ( Figure 2 ) [1] , stain Gramnegative and are motile via lateral flagella located on the concave side. Colonies are 0.2 mm wide, round and irregular with even edges [1] , growing strictly anaerobically at optima of 60-65°C and pH 7.3 while fermenting a variety of sugars, but also when grown on yeast extract and Casamino acids [1] . Acetate, lactate, H 2 , CO 2 and ethanol are the fermentation products formed during growth on glucose [1] . During organotrophic growth on glucose or peptides strain Z-9701 T reduces elemental sulfur to H 2 S [1] . The strain is also capable of lithotrophic growth in the presence of elemental sulfur with molecular hydrogen as the energy source and yeast extract as the carbon source [1] .
Chemotaxonomy
No chemotaxonomical data reported so far. The G+C content was reported as only 54.6 mol% based on thermal denaturation [1] , 4.2% below the value determined by genome sequencing (see below). [8, 9] of the 16S rRNA gene sequence under the maximum likelihood (ML) criterion [10] . Rooting was done initially using the midpoint method [11] and then checked for its agreement with the current classification ( Table 1 ). The branches are scaled in terms of the expected number of substitutions per site. Numbers adjacent to the branches are support values from 150 ML bootstrap replicates [12] (left) and from 1,000 maximum-parsimony bootstrap replicates [13] (right) if larger than 60%. Lineages with type strain genome sequencing projects registered in GOLD [14] are labeled with one asterisk, those also listed as 'Complete and Published' with two asterisks [15] [16] [17] . Aminomonas paucivorans [18] and Dethiosulfovibrio peptidovorans [19] lack the second asterisks because these are permanent draft genome sequences (for Jonquetella anthropi see AGRU00000000). [20] (published by the Genome Standards Consortium [21] ) and the NamesforLife database [3] .
MIGS ID Property Term Evidence code
Domain Bacteria TAS [22] Phylum 'Synergistetes' TAS [23] Class Synergistia TAS [23] Current classification Order Synergistales TAS [23] Family Synergistaceae TAS [23] Genus Thermanaerovibrio TAS [1, 2] Species 
Genome sequencing and annotation

Genome project history
This organism was selected for sequencing on the basis of its phylogenetic position [27] , and is part of the Genomic Encyclopedia of Bacteria and Archaea project [28] . The genome project is deposited in the Genomes On Line Database [14] and the complete genome sequence is deposited in GenBank. Sequencing, finishing and annotation were performed by the DOE Joint Genome Institute (JGI) using state of the art sequencing technology [29] . A summary of the project information is shown in Table 2 . 
Growth conditions and DNA isolation
Genome sequencing and assembly
The genome was sequenced using a combination of Illumina and 454 sequencing platforms. All general aspects of library construction and sequencing can be found at the JGI website [32] . Pyrosequencing reads were assembled using the Newbler assembler (Roche). 
Genome annotation
Genes were identified using Prodigal [37] as part of the DOE-JGI [38] genome annotation pipeline, followed by a round of manual curation using the JGI GenePRIMP pipeline [39] . The predicted CDSs were translated and used to search the National Center for Biotechnology Information (NCBI) nonredundant database, UniProt, TIGRFam, Pfam, PRIAM, KEGG, COG, and InterPro databases. These data sources were combined to assert a product description for each predicted protein. Additional gene prediction analysis and functional annotation was performed within the Integrated Microbial Genomes -Expert Review (IMG-ER) platform [40] .
Genome properties
The draft genome consist of one circular chromosome of 1,880,838 bp length with a 58.8% G+C content (Table 3 and Figure 3 ). Of the 1,810 genes predicted, 1,751 were protein-coding genes, and 59 RNAs; 12 pseudogenes were also identified. The majority of the protein-coding genes (84.4%) were assigned a putative function while the remaining ones were annotated as hypothetical proteins. The distribution of genes into COGs functional categories is presented in Table 4 . Insights into the genome sequence
Comparative genomics
The phylum Synergistetes is one of the more recently proposed phyla in the domain Bacteria, posited only four years ago by Jumas-Bilak et al. [23] . As of today the phylum contains only one order, Synergistales, with one family, Synergistaceae, including 11 genera with 18 species (see Figure 1) . The members of the phylum are extremely well characterized on the genomic level, with 12 out of the 18 type strains for the member species having already completed or ongoing genome sequencing projects, one type strain targeted for sequencing (Anaerobacterium thermoterrum) and only four type strains currently not indicated for genome sequencing in the Genomes On Line Database (GOLD) [14] . Here we present a brief comparison of the genome of T. velox with its closest phylogenetic neighbors (according to Figure 1 ): T. acidamonovorans [17] and A. paucivorans [18] paucivorans, on the other hand, has a significantly larger genome with 2,494 genes on 2.63 Mbp. An estimate of the overall similarity between T. velox with both, T. acidaminovorans and A. paucivorans, was generated with the GGDC-Genome-to-Genome Distance Calculator [41] [42] [43] . This system calculates the distances by comparing the genomes to obtain HSPs (high-scoring segment pairs) and inferring distances from the set of formulas (1, HSP length / total length; 2, identities / HSP length; 3, identities / total length). For convenience, the GGDC also reports model-based DDH estimates along with their confidence intervals [21, 41] . Table 5 shows the results of the pairwise comparison. The comparison of T. velox with T. acidaminovorans reached the highest scores using the GGDC, 44% of the average of genome length are covered with HSPs ( Table 5 ). The identity within the HSPs was 78%, whereas the identity over the whole genome was 35%. Lower similarity scores were observed in the comparison of T. velox with A. paucivorans, only 17% of the average of both genome lengths are covered with HSPs. The identity within these HSPs was 77%, whereas the identity over the whole genome was only 13%. With regard to T. velox and T. acidaminovorans the corresponding DDH estimates were below the 70% threshold under formulas 1-3 throughout: 27.2% (±3.5), 20.4% (±2.3) and 24.6% (±3.0). The DDH estimated confidence intervals are given in parentheses as provided by [26] . These results are in line with a previously reported wet-lab DDH value of 15% (±1) [1] As expected, those distances relating HSP coverage (formula 1) and number of identical base pairs within HSPs to total genome length (formula 3) are higher between the T. velox and T. acidaminovorans than between T. velox and A. paucivorans. That the distances relating the number of identical base pairs to total HSP length (formula 2) behave differently indicates that the genomic similarities between T. velox, T. acidaminovorans and A. paucivorans are strongly restricted to more conserved sequences, a kind of saturation phenomenon [42] . Figure 4 shows a nucleotide-based comparison of the two Thermanaerovibrio genomes. In most parts of the genomes, a high degree of similarity becomes visible with only a small number of indels. There exists a pronounced collinearity between the two genomes. The Venn-diagram ( Figure 5 ) shows the number of shared genes in the genomes of the three closely related type strains. T. velox and T. acidaminovorans share a significant number of 153 genes that are not present in the genome of A. paucivorans [18] . A huge fraction of these genes are involved in transport functions, such as genes coding for TRAP-type C4-dicarboxylate transport systems, ABC-type dipeptide transport systems, ABC-type dipeptide/oligopeptide/nickel transport systems, ABC-type hemin transport systems, paminobenzoyl-glutamate transporters, Na+/H+-dicarboxylate symporters, sugar phosphate permeases, ABC-type Fe3+ transport systems, fructose-specific PTS systems, glucose-specific PTS systems, molybdenum ABC transporters, Na+/H+-dicarboxylate symporters, biopolymer transport proteins, Mg2+ transporters, Na+/H+ antiporters, NhaD and related arsenite permeases, sodium--glutamate symport carrier and xanthine permeases. But also genes for transcriptional regulators of sugar metabolism, peptidase T-like protein, sugar transferases involved in lipopolysaccharide synthesis, L-aspartate oxidase, quinolinate synthetase complex, DNA modification/repair radical SAM protein, glycosyltransferase family 10 (fucosyltransferase), phosphoheptose isomerase, phosphomannose isomerase, phosphoribosyl-dephospho-CoA transferase (holo-ACP synthetase), methyl-accepting chemotaxis protein, and ethanolamine utilization protein. The significant difference between the previously reported G+C content of strain Z-9701 T , 54.6% [1] and the G+C content as inferred from the draft genome sequence, 58.8% (Table 3) , as well as the similarly significant difference between the G+C content reported for the type strain of the other validly named species in the genus, T. acidaminovorans [2] , Su883 T , 56.6% [2] vs. 63.8% from the genome sequence [17] demands the emendation of the species and genus descriptions, which were last updated by Baena et al. 1999 [2] and Zavarzina et al. in 2000 [1] .
Emended description of the species
Thermanaerovibrio acetaminovorans
Guangsheng et al. 1997 emend. Baena et al. 1999
The description of the species Thermanaerovibrio acetaminovorans is the one given by Baena et al. [2] , with the following modification. The G+C content is 63.8 mol% [17] .
Emended description of the species Thermanaerovibrio velox Zavarzina et al. 2000
The description of the species Thermanaerovibrio velox is the one given by Zavarzina et al. [1] , with the following modification. The G+C content is 58.8 mol% . The description of the genus Thermanaerovibrio is the one given by Zavarzina et al. [1] , with the following modification. The G+C content is between 58.8 and 63.8 mol%.
Emended description of the genus
